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Letters

Aerodynamics of the Long Pterosaur
Wing

Crawford H. Greenewalt, in his letter
(16 May 1975, p. 676) addressing Law-
son’s report, “‘Pterosaur from the latest
Cretaceous of West Texas: Discovery of
the largest flying creature™ (14 Mar. 1975,
p. 947), suggests that it would be valuable
to consider the aerodynamic consequences
of the unusually long pterosaur wing. In

his reply, Lawson (16 May 1975, p. 676)
indicates that the morphological differ-
ences between birds and pterosaurs, par-
ticularly for the larger Preranodon and
Querzalcoatlus northropi (Texas piero-
saur), reflect their different modes of
locomotion. In “Dynamic analysis of
Prteranodon ingens: A reptilian adaptation
to flight™ (), I reported on wind tunnel
scale modeling and biomechanical analysis
of P. ingens, which attained a 7-meter wing-
span, second largest to Q. northropi. The
results of this study show that P. ingens
was primarily adapted to slow, flapping
flight and long flight endurance. Wind
tunnel analysis indicates that the reptile’s
soaring and gliding performance, which
have traditionally been interpreted as its
mode of locomotion (2, 3), was greatly
inferior to that of present-day soaring
birds because of limitations imposed on
wing camber placement, wing attack
angle, wing membrane rigidity, and in-
ability to reduce its wing area at high
flight speeds. However, the animal was
structurally capable of extremely efficient,
slow, flapping flight owing to wing mem-
brane twist, metacarpal (wingfinger) rota-
tion, centralization of its flight muscula-
ture which reduces the torque associated
with pectoral muscle flexion, and its very
high aspect ratio (wingspan : wing area).

Weight of the adult species was esti-
mated from scaling up the wing loading
(0.266 gram per cubic centimeter) of the
morphologically and functionally similar
Eumops perotis, a bat, which yields 15
kilograms, in agreement with Bramwell
and Whitfield's (3) preferred value of
15.9 kg from anatomical estimates. Stall
speed (minimum velocity for level flight)
of 5 meters per second was derived from
Gray’s (4) equation

W = Y2 Cp A p V72

where C; is the wing lift coefficient, deter-
mined from wind tunnel tests; A, the wing
area; and p, the density of air. Maximum
flight speed of 15 m/sec was estimated
from the transition to the turbulent flow
regime. Gray's equation is applicable to
the reptile, unlike Greenewalt's (5) equa-
tion

W=ch

where / is the wingspan and c is a constant
of proportionality, because C, is the aero-
dynamic index for wing lifting power,
while wingspan is only one of many factors
that influence the lift coefficient. The aero-
dynamic maneuverability of the species,
unlike birds, was achieved through dynam-
ic instability, which is evidenced in the cen-
trally located, dynamically balanced turn-
ing system of P. ingens, rather than a tail
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as in birds or the uropotagium (tail mem-
brane) in bats. The Late Cretaceous rep-
tiles appear to have been highly efficient
and uniquely structured slow, but ma-
neuverable, flapping animals—the product
of 150 million years of reptilian adaptation
to flight.

Ross S. STEIN
Depariment of Geology,
Stanford University,
Stanford, California 94305
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1 read with interest the exchange be-
tween Greenewalt and Lawson regarding
the wing design of the “*Texas pterosaur”
(Quetzalcoatlus norihropi). Lawson is
quite correct in pointing out the struc-
tural dissimilarity between the wings of
birds, bats, and pterosaurs. Fhe struc-
ture of the latter for the specific case of
Pieranodon ingens and the corresponding
aerodynamic and  operational  con-
sequences have been fully discussed by
Bramwell and Whitfield (/). No bird or bat
appears to be an adequate paradigm for
deducing pterosaur structure or perform-
ance.

What | find surprising in these dis-
cussions is that no one seems to have
noticed that the wings of large pterosaurs
appear to be direct natural counterparts of
the National Aeronautics and Space Agen-
cy's high aspect ratio cylindrically cam-
bered Rogallo wing, examples of which
have been extensively flown as hang gliders
for several years (2). The largest man-
carrying hang glider of this type is pres-
ently the “Cronk V with a span of 11.8
meters and loaded mass of 100 to 120
kilograms.

I have great respect for Greenewalt's
earlier work (3) and have made extensive
use of it in my own research (4) related to
clarifying the interface between natural
and low-speed, man-made flying devices
(for example, hang gliders, man-powered
aircraft, and sailplanes). On the basis of
Greenewalt’s data and mine, it appears
that there is a remarkably good “‘square-
cube law" relation between wing area (S,
in meters) and loaded mass (M, in kilo-
grams) for devices covering 12 orders of
magnitude in mass (that is, small insects
through large transport aircraft). The gen-
eral trend for “conventional” flying de-
vices is approximately

M =158
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However, for low-wing loading “‘ul-
tralight” types (for example, butterflies,
the zinonia seed, Pieranodon, and hang
gliders) the corresponding relation is

M =(1.2x06)8"

For soaring birds and sailplanes the rela-
tion is about

M= (10 2)8¥"

The relation between mass and wing
area is directly related to flying speed
[V « (M/S)"], and is thus somewhat
more significant in evaluating flight char-
acteristics than the relation between mass
and wingspan, which has mainly to do with
vehicle drag and lateral (roll) control char-
acteristics. The point is that, based on the
laws of applied aerodynamics, it seems the
bird is a poor model on which to base pter-
osaur flight characteristics, while the hang
glider appears to be a direct counterpart. It
should be noted, however, that no current
hang glider has gliding performance ap-
proaching that estimated for Preranodon
(2) (and presumably Queizalcoatlus). |

Provided their estimates of meteoro- |
logical conditions during the Cretaceous |
are correct, the flight modes of the large
pterosaurs deduced by Bramwell and
Whitfield are well verified by 5 years of op- |
erational experience with several thousand
Rogallo wing hang gliders. Two major
questions require further clarification,
however. (i) How did the large pterosaurs
take off if no hill or cliff was available to
*“leap™ from? (ii) What is the maximum
feasible size (specifically wingspan and
mass) of a device of pterosaur configura-
tion?

Both questions can probably be resolved
rather economically by construction of
full-sized models, perhaps rigged as a hang
glider. On the question of maximum fea-
sible size, it should be noted that the 12-m
span Cronk V has poor lateral control
characteristics, although it uses a spoiler
system for control rather than the ptero-
saur system of differential sail billow. On
the basis of this consideration and the gen-
eral problem of making very low speed
banked turns with *‘large”-span wings, 1
tend to favor Lawson’s alternative esti-
mate of an 1l1-m span for Querzalcoai-
lus.

Joun H. MCMASTERS
School of Aeronautics and
Astronautics, Purdue University,
West Lafayeite, Indiana 47907
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